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蛋白 VP1 上的表位为基础，将三种不同长度的表位多肽分别展示于铁蛋白的 N
端、C 端和靠近 C 端的 Loop 区。我们将得到的九种铁蛋白免疫小鼠，对免疫后
小鼠血清中的抗体滴度及中和抗体滴度进行了比较和研究，并利用产生的中和抗





















Over the past decade, the field of theranostics has evolved considerably and has seen spectacular 
advances in many fields. Protein based materials are widely used due to their superb 
biocompatibility, biodegradability and modification flexibility. The development of protein based 
theranostics has a huge potential for application or clinical translation. In this thesis, we have 
developed many kinds of functional ferritin based materials and explored their application in 
theranostics. The main research are as follows: 
In Chapter 1, we introduced the development and current status of theranostics. We also 
introduced the pros and cons of common seen imaging technology used in molecular imaging. We 
discussed the application of protein based theranostics, and addressed the characteristics of ferritin 
and ferritin based applications in multiple fields. 
In Chapter 2, we summarized the commonly used biochemistry methods which were used 
throughout the following research. 
In Chapter 3, we successfully synthesized ultrasmall copper sulfide (CuS) nanoparticles inside 
the cavity of ferritin (Fn) nanocages by a biomimetic synthesis method. The uniform CuS-Fn 
nanocages (CuS-Fn NCs) showed strong near-infrared absorbance and high photothermal 
conversion efficiency. In quantitative ratiometric photoacoustic imaging (PAI), the CuS-Fn NCs 
exhibited superior photoacoustic tomography improvements for real-time in vivo PAI of entire 
tumors. With the incorporation of radionuclide 64Cu, 64CuS-Fn NCs also served as an excellent 
PET imaging agent with higher tumor accumulation compared to free copper. Following the 
guidance of PAI and PET, CuS-Fn NCs were applied in photothermal therapy to achieve superior 
cancer therapeutic efficiency with good biocompatibility both in vitro and in vivo. The results 
demonstrate that the bioinspired multi-functional CuS-Fn NCs have potential as clinically 
translatable cancer theranostics and could provide a noninvasive, highly sensitive, and quantitative 
in vivo guiding method for cancer photothermal therapies in experimental and clinical settings. 
In Chapter 4, we engineered different kinds of ferritin mutants and explored their features. 
Amino acids of different locations were mutated into histidine which provides a chelator-like 
binding sites within the two subunit of ferritin. We compared the characteristics and copper binding 
















mutants and wild type ferritin which provides the potential use in cancer theranostics. 
 
In Chapter 5, we reported a ferritin based vaccine development. Different length of epitopes of 
Enteroviruses 71 VP1 capsid were fused onto different positions of ferritin. Mice were immunized 
with these ferritins, antibody and neutralizing antibody titers were measured and compared. With 
the injection of antisera, 100% passive protection of virus challenged new born mice were reached. 
 

































应用的影像技术例如光学成像（Optical imaging）14, 15、超声成像（Ultrasound imaging）16、
X 射线成像（X-ray scanning）17, 18、正电子发射计算机断层扫描成像（Positron Emission 
Tomography，PET）19, 20、磁共振成像（Magnetic Resonance Imaging，MRI）21等已经不能
满足临床工作者对临床疾病检出和治疗的需求。广大科技工作者在这些传统成像技术的基
础上研究开发了新一代成像技术，例如单光子发射计算机断层扫描技术（Single-Photon 
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